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Title : i^EARBOXADAPTQR 

Technical Field 

The present invention relates to a gearbox adaptor for insertion into a standard 
gearbox to convert a standard gearbox to a sequential gearbox. As used herein, the 
term 'standard gearbox' means a gearbox in which, to change from one gear to 
another, the gear-iever must be moved in a direction which depends upon which gear 
is being moved out of and which gear is being moved into. The term 'sequential 
gearbox J means a gearbox in which to change up a gear, the gear-lever always is 
moved in one direction, and to change down a gear, the gear-lever always is moved 
in the opposite direction. 

Sequential gearboxes are especially useful in racing and rally cars, where rapid gear 
changes without looking at the gear-lever are essential. 

Background Art 



Purpose-built sequential gear boxes are known, but are much more expensive than 
standard gearboxes. Further, known sequential gearboxes provide a comparatively 
slow gear-change:- the engine must be unloaded to change gear, and the car 
therefore decelerates for the period of the gear change, (typically about 0.1 sec), 
resulting in a loss of speed of the order of 3.5 kph. 

It is therefore an object of the present invention to provide a gearbox adaptor which is 
capable of insertion into a standard gearbox to convert it to a sequential gearbox, the 
combination of providing a sequential gearbox in which gear changes can be made 
rapidly (typically 0.02 sec.) and at full throttle, so that the car does not lose speed 
during a gear change. 

Disclosure of Invention 

The present invention provides a gearbox adaptor including: a hub adapted to be 
engageable with a gear shaft for rotation therewith; at least one piston mounted 
within said hub; means for supplying fluid from the exterior of the hub to a first face of 
the or each said piston, so as to move said piston in a first direction; at least one 
clutch means adjacent the or each said piston, part of the or each said clutch means 
being engaged with said hub and a different part of the or each said clutch means 
being engageable with a gear locatable on said gear shaft adjacent said hub; the or 
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each said clutch means being located and arranged such that movement of said 
piston in said first direction inter-engages said parts of said dutch to drivingly engage 
said gear and said gear shaft. 

Preferably, the piston and clutch means both are annular and are concentric with 
each other and with the hub. Preferably, the hub is concentrically engageable with 
the gear shaft. 

Preferably the adaptor further comprises a casing surrounding at least part of the 
exterior of said hub, said casing being mounted upon said hub but not rotatabie 
therewith; at least one first fluid passage being formed between the interior of the 
casing and the exterior of the hub, the or each said first fluid passage being in 
communication with said means for supplying fluid to a first face of the or each said 
piston, which comprises at least one second fluid passage formed through said hub. 

It is known to provide a hydraulically operated piston, clutch, and hub system for a 
gearbox, but known systems supply hydraulic fluid through the gear shaft. This 
arrangement cannot be used to adapt existing gearboxes, since in existing standard 
gearboxes, the shafts are not provided with hydraulic passages. 

The present invention further provides a sequential gearbox as defined above which 
includes a standard gearbox from which the synchro-hubs and cones have been 
removed and a gearbox adaptor in accordance with the present invention has been 
fitted to each gear. It is possible to use an adaptor of the present invention to adapt 
each gear individually, but preferably the double adaptor of the present invention is 
used, with each double adaptor being fitted between each pair of adjacent gears in 
the standard gearbox. 

Preferably, all of the gears of a standard gearbox are adapted to the present system, 
but it is also possible to adapt only some of the gears of a standard gearbox, and 
leave the remaining gear or gears to be operated in known manner. 

The sequential gearbox described above preferably includes electronic control means 
which comprises two micro switches which are connected via a sequencing 
arrangement to a set of solenoid valves, one solenoid valve being connected to the 
means for supplying fluid to each piston such that fluid is supplied to said piston when 
said solenoid valve is open and fluid is withdrawn from said piston when said 
solenoid valve is closed; the control means being such that each time the first micro 
switch is closed, the sequencing arrangement closes any solenoid valve which is 
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open and opens the next solenoid vaive in a predetermined first sequence, and each 

time the second micro switch is closed, the sequencing arrangement closes any 

solenoid valve which is open and opens the next solenoid valve in a predetermined 

second sequence. 

5 Preferably, the or each clutch means comprises a clutch pack which consists of a first 
series of spaced plates each of which is engageabie with the hub for rotation 
therewith but which is reciprocable parallel to the longitudinal axis of said hub; and a 
second series of spaced plates each of which is engageabie with a gear mounted 
upon said gear shaft but which is reciprocable parallel to the longitudinal axis of said 

10 hub; said second series of plates being interleaved with the plates of said first series. 

Brief Description of Drawings 

By way of example only, a preferred embodiment of the present invention is 
described in detail, with reference to the accompanying drawings, in which:- 

Fig. 1 is a schematic sectional view through part of a gearbox adaptor in accordance 
is with the present invention, the adaptor being for a pair of gears; 

Fig. 2a and 2b are plan views of two clutch components; and 

Fig. 3 is a block diagram showing the electronic controls. 

Best Mode of Carrying Out the Invention 

Referring to Figs. 1 and 2 of the drawings, a gearbox adaptor 2 comprises a central 
20 splined shaft 3 upon which are mounted a hub 4, a first gear 5, a second gear 6, two 
pistons 7, 8 and two clutch packs 9, 10. 

The shaft 3 is the main shaft of a standard gearbox and is externally splined, and 
driven in known manner. The hub 4 is internally splined and the hub splines engage 
the splines of the shaft 3 so that the hub 4 rotates with the shaft 3. 

25 The first and second gears 5, 6 are gears of known type, forming part of a standard 
gearbox and are freely rotatable relative to the shaft 3, but are fixed in position 
relative to the length of the shaft 3. 

The hub 4 has a central portion 4a concentric with the shaft 3, with a rim 11 around 
the periphery of said central portion. The rim 11 is of greater width than the central 
30 portion 4a. 
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The extension of the nm beyond the central portion of the hub provides two annular 
recesses in which the pistons 7, 8 and the dutch packs 9, 10 are mounted, concentric 
with the shaft 3. 

Each piston 7, 8, is annular and is mounted adjacent one side of the centra! portion 
5 4a of the hub, spaced from the hub by a passage 13, 14 respectively. The passages 
13, 14 are connected to corresponding passages 15, 15 in the hub 4, through which 
hydraulic fluid can be supplied to the passages 13, 14, as hereinafter described. 

Pairs of annular seals 17, 18, 19, 20 respectively, seal the gaps between the edges 
of the pistons 7, 8 and the adjacent walls of the gears and the hub respectively. 

10 A further annular seal 21 (e.g. a cast-iron seal ring) extends around the outer wall of 
the rim between the passages 15 and 16. The seal 21 extends between the outer 
wall of the rim and a casing 22 which surrounds the hub 4 and is located on the hub 
by circiips 23. Bushes 24 may be located between the opposed faces of the hub 4 
and casing 22 5 to permit the casing 22 to remain stationary while the hub 4 rotates. 
15 Alternatively, the bushes 24 may be omitted since the combination of the seal 21 and 
the layer of hydraulic fluid in the passages 15b, 16b between the outer wall of the rim 
and the inner wall of the casing 22 effectively acts as a bearing in practice. 

Fluid passages 15a, 16a, corresponding to passages 15 and 16 are formed in the 
casing 22, for supply of hydraulic fluid. 

Each clutch pack 9, 10 comprises a series of annular steel plates 25 interleaved 
alternately with a series of annular bronze plates 26. Each steel plate 25 is formed 
with four equidistantly-spaced dogs 27 (Fig. 2a only) which are dimensioned and 
arranged to engage corresponding grooves (not shown) in the adjacent face of the 
rim 11, so that the steel plates rotate with the hub but can move relative to the hub in 
the directions indicated by arrows A and B. 

Alternatively, the steel plates 25 may be formed with external splines instead of the 
dogs 27, said splines engaging corresponding splines formed in the rim 11. 

Each bronze plate 26 is formed with splines 28 around its inner periphery. The 
splines 28 are received in corresponding grooves (not shown) on the adjacent 
30 portions 30 of the gears 5, 6, so that the bronze plates 26 rotate with the gears 5, 6, 
but can move relative to the gears in the directions of arrows A and B. 
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li wili be appreciated that the bronze plates 26 could be formed with dogs rather than 
splines. Further, the materials of which the clutch pack plates are made can be 
varied:- any suitable materials having acceptable wear characteristics and providing a 
good frictional grip, may be used (e.g. carbon fibre, sintered bronze). 

5 To convert the whole of a standard gearbox using the present invention, all of the 
synchro-hubs and cones are removed from the standard box, and a gearbox adaptor 
as described above is fitted between each pair of gears: first/second and third/fourth. 
For reverse gear, the standard clutch system may be retained, or a single gear 
adaptor as hereinafter described, can be used. If the standard gearbox has an odd 

w number of forward gears, then either the standard clutch system is used for the 'odd' 
gear or a single gear adaptor can be used. 

To modify the above-described adaptor for a single gear, the hub shown in Fig, 1 is 
effectively split in two, by terminating the hub on a line X-X an Fig. 1, with a blank 
wall. This gives a single gear adaptor. It is possible to use a single-gear adaptor for 
is each gear in a multi-gear box, but it is preferred to use two-gear adaptors as shown 
in Fig. 1, since this gives a more compact construction. 

it also is possible to construct an adaptor as a single unit for three or more gears, by 
extending the design of Fig. 1. Further, although the invention is described as an 
adaptor for an existing gearbox, it will be appreciated that it is possible to build a 
20 gearbox 'from scratch' incorporating the adaptor of the present invention. 

The above-described system can be controlled by any suitable control, but preferably 
is controlled by an electronic/hydraulic system as shown in Fig. 3. 

The control system includes an electronic joystick (not shown) which is connected to 
a first and a second micro-switch 32, 33 such that when the joystick is moved in one 

25 direction, the first micro-switch 32 is closed, and when the joystick is moved in the 
opposite direction, the second micro-switch 33 is closed, The micro-switches 32, 33 
are connected to a series of solenoid valves 50,60,70,80, each controlling the flow of 
hydraulic fluid to one section of one of the hubs 4, via a series of relays 51,61,71,81 
and a sequencing arrangement (e.g. a control integrated circuit) which provide that 

30 each time the first micro-switch 32 is closed, the next solenoid in the sequence 
50,60,70,80 is opened and each time the second micro-switch 33 is closed, the next 
solenoid in the sequence 80,70,60,50 is opened. 
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When the first solenoid vaive is opened, hydraulic fluid is supplied through that valve 
to one of the passages 16a and hence to the associated passages 16 and 14, to 
push the piston 8 in the direction of arrow B. The piston 8 contacts the plates of the 
clutch pack 10 and pushes them in the same direction, urging the plates of the clutch 

5 pack into contact with each other and with the face 31 of the first gear. Since the 
plates 25 of the clutch pack are splined to the hub 4 and the plates 26 to the gear 5, 
and the hub 4 is spiined to the shaft 3, pushing the plates 25, 26 together into driving 
contact with each other brings the first gear 5 into driving engagement with the shaft 
3, and the gear rotates with the shaft, so that the vehicle drives in first gear. When 

10 the second solenoid valve is opened, the electronic control circuit closes the first 
solenoid. When the first solenoid vaive is closed, the rotation of the gearbox tends to 
fling fluid out of the passages 14/16/1 6a, drawing the piston 8 back to the position of 
Fig. 1 and disengaging first gear. 

When the second solenoid valve is opened, fluid is supplied to passages 15a/15 and 
15 13 and the second gear is engaged in the same manner as the first. 

Thus, every time the joystick is moved in said one direction, the solenoid valve (if 
any) which is open, is closed, and the next solenoid valve in the sequence 
50,60,70,80 is opened, to engage the next higher gear. Every time the joystick is 
moved in the opposite direction, the solenoid vaive which was open is closed, and 
20 next solenoid valve in the sequence 80,70,60,50 is opened to engage the next lower 
gear. 

It is envisaged that the solenoid valves could be controlled automatically by a rev- 
counter, so that the gears are changed up or down automatically, depending upon 
the engine revs. 
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Claims 

1. A gear box adaptor including: a hub adapted to be engageable with a gear 
shaft for rotation therewith; at least one piston mounted within said hub; 
means for supplying fluid from the exterior of the hub to a first face of the or 

5 each said piston, so as to move said piston in a first direction; at least one 

clutch means adjacent the or each said piston, part of the or each said ciutch 
means being engaged with said hub and a different part of the or each said 
clutch means being engageable with a gear beatable on said gear shaft 
adjacent said hub; the or each said clutch means being located and arranged 

10 such that movement of said piston in said first direction inter-engages said 

parts of said ciutch to drivingly engage said gear and said gear shaft. 

2. The adaptor as claimed in claim 1 wherein said hub, the or each said piston 
and the or each said clutch means all are concentric and said hub is adapted 
to be concentrically engageable with said gear shaft. 

15 3. The adaptor as claimed in claim 2 wherein the or each said piston and the or 
each said clutch means both are annular. 

4. The adaptor as claimed in claim 2 or claim 3 wherein the or each said clutch 
means comprises a clutch pack which consists of a first series of spaced 
plates each of which is engaged with the hub for rotation therewith but which 
20 is reciprocable parallel to the longitudinal axis of said hub; and a second 

series of spaced plates each of which is engageable with a gear mounted 
upon said gear shaft but which is reciprocable parallel to the longitudinal axis 
of said hub; said second series of plates being Interleaved with the plates of 
said first series. 

25 5. The adaptor as claimed in any one claims 2-4 wherein the or each said clutch 
means and the or each said piston are mounted in a recess in said hub. 

6. The adaptor as claimed in claim 5 further comprising a casing surrounding at 

least part of the exterior of said hub, said casing being mounted upon said hub 

but not rotatabie therewith; at least one first fluid passage being formed 

30 between the interior of the casing and the exterior of the hub, the or each said 

first fluid passage being in communication with said means for supplying fluid 

to a first face of the or each said piston, which comprises at least one second 

fluid passage formed through said hub. 
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7. The adaptor as claimed in any one of claims 1-4 incorporating two said pistons 
and two said clutch means, the first piston and the corresponding first clutch 
means being mounted in a first recess formed in one end of the hub, and the 
second piston and the corresponding second clutch means being mounted in 

5 a second recess formed in the other end of the hub; wherein part of the first 

clutch means is engageabie with a first gear and part of the second clutch 
means is engageabie with a second gear. 

8. The adaptor as claimed in claim 7 further comprising a casing surrounding at 
least part of the exterior of said hub, said casing being mounted upon said hub 

10 but not rotatabie therewith; two separate first fluid passages being formed 

between the interior of the casing and the exterior of the hub, each said first 
fluid passage being in communication with the corresponding said means for 
supplying fluid to a first face of said corresponding piston, which comprises a 
second fluid passage formed through said hub. 

is 9. The adaptor as claimed in any one of the preceding claims wherein said fluid 
is hydraulic fluid. 

10. The adaptor as claimed in any one of the preceding claims where said fluid is 
pneumatic fluid. 

11. A sequential gearbox as hereinbefore defined, including a standard gearbox 
20 from which the synchro-hubs and cones have been removed and a gearbox 

adaptor as claimed in any one of claims 1-6 has been fitted to each gear, with 
part of each hub mounted on the gear shaft and each clutch means engaged 
with the corresponding gear. 

12. A sequential gearbox as hereinbefore defined, including a standard gearbox 
25 from which the synchro-hubs and cones have been removed and a gearbox 

adaptor as claimed in claim 7 or claim 8 has been fitted between each pair of 
adjacent gears, with each hub mounted on the gear shaft between said two 
adjacent gears and part of one clutch means engaged with one of said gears 
and part of the other clutch means engaged with the other of said gears. 

so 13. A sequential gearbox as claimed in claim 11 or claim 12, further including 
electronic control means which comprises two micro-switches which are 
connected via a sequencing arrangement to a set of solenoid valves, one 
solenoid valve being connected to the means for supplying fluid to each piston 
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such that fluid is supplied to said piston when said solenoid valve is open and 
fluid is withdrawn from said piston when said solenoid vaive is closed; the 
control means being such that each time the first micro-switch is closed, the 
sequencing arrangement closes any solenoid valve which is open and opens 
5 the next solenoid valve in a predetermined first sequence; and each time the 

second micro-switch is dosed, the sequencing arrangement closes any 
solenoid valve which is open and opens the next solenoid valve in a 
predetermined second sequence. 

14. The sequential gearbox as claimed in claim 13, wherein said predetermined 
10 second sequence is the reverse of said predetermined first sequence. 
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CFR§1.56. 

(4) I hereby claim the benefit under Title 35, U.S.C. § 1 19(e) of any United States provisional appiication(s) listed below. 



Applrcation Serial Number 



Filing Date 



Application Serial Number 



Filing Date 



m — I claim foreign priority benefits under 35 U.S.C. § 119(a)-(d) of the foreign application^) for patent or inventor's certificate 
, s listed below, and I have also identified below any foreign application for patent or inventor's certificate having a filing date before that of the 
^application on which priority is claimed. 



Prior Foreign Application(s) 
: "331192 

|fl : Number 

I PCT/NZ99/00114 

f " Number 



New Z ealand 

Country 



PCT 



Country 



28 July 1998 

Day/Month/Year 

26 July 1999 

Day/Month/Year 



Priontv Claimed 



Yes 



No 
No 



(6) ; „ 1 claim the benefit under 35 U.S.C. § 120 of any United States application^) listed below, and, insofar as this application discloses 

jand claims subject matter not disclosed in the prior United States application in the manner provided by the first paragraph of 35 U.S.C. § 112, 
^^acknowledge the duty to disclose material information as defined in 37 CFR § 1 .56 which occurred between the filing date of the prior application 
Mhd the national or Patent Cooperation Treaty International filing date of this application: 



Application Serial Number 
Application Serial Number 



Filing Date 
Filing Date 



Patented/Pending/Abandoned 
Patented/Pending/Abandoned 



I declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are believed to 
be true; and further that these statements were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under 18 U.S.C. § 1001 , and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 



(7) POWER OF ATTORNEY: I appoint the following attorneys and agents of the law firm CHRISTIE, PARKER & HALE, LLP to prosecute this 
application and any international application under the Patent Cooperation Treaty based on it and to transact all business in the U.S. Patent and 
Trademark Office connected with either of them in accordance with instructions from the assignee of the entire interest in this application; or from 

the first or sole inventor named below in the event the application is not assigned; or from 

in the event the power granted herein is for an application filed on behalf of a foreign attorney or agent 



R. W. Johnston 


(17,968) 


Vincent G. Gioia 


(19,959) 


Kathleen M. Olster 


(42,052) 


D. Bruce Prout 


"(20,958) 


Edward R. Schwartz 


(31,135) 


Daniel M. Cavanagh 


(41,661) 


Hayden A. Carney 


^22,653) 


John D. Carpenter 


(34,133) 


Molly A. Holman 


(40,022) 


Richard J. Ward, Jr. 


(2W) 


David A. Plumley 


(37,208) 


Lucinda G. Auciello 


(42,270) 


Russell R. Palmer, Jr. 


(22,994) 


Wesley W. Monroe 


(39,778) 


Norman E. Carte 


(30,455) 


LeRoy T. Rahn 


(20,356) 


Grant T. Langton 


(39,739) 


Joel A. Kauth 


(41,886) 


Richard D. Seibel 


(22,134) 


Constantine Marantidis 


(39,759) 


Patrick Y. Ikehara 


(42,681) 


Walter G. Maxwell 


(25,355) 


John W. Eldredge 


(37,613) 


Mark Garscia 


(31,953) 


William P. Christie 


(29,371) 


Gregory S. Lampert 


(35,581) 


Gary J. Nelson 


(P-44,257) 


David A. DM lard 


(30.831) 


Craig A. Gelfound 


(41,032) 


Raymond R. Tabandeh 


(P-43,945) 


Thomas J. Daly 


122.213) 


Syed A. Hasan 


(41,057) 


Phuong-Quan Hoang 


(41,839) 



The authority under this Power of Attorney of each person named above shall automatically terminate and be revoked upon such person ceasing 
to be a member or associate of or of counsel to that law firm. 



SEND CORRESPONDENCE TO: 
DIRECT TELEPHONE CALLS TO: 



CHRISTIE, PARKER & HALE. LLP. P^Jto&JLQ&SJEas^ 
Attorney , 626/795-9900 



[8) 



Full Name of First or Sole Inventor 

Ernest Paul Goat ley 




/'A, Date 


Residence and Post Office Address V \f / J 

166 Clyde Street, Balclutha , New Zealand ( /N7'K 


^Citizenship 

New Zealand 



-1- 



